Information on nesting behaviour, productivity in natural tree cavities and man-made hives and natural enemies of resident stinging honeybee sub-species was gathered for a period of 1 year in Udzungwa Mountains National Park, Tanzania. Three sub-species of the honeybee Apis mellifera occur in this area. Six types of hive were sited in appropriate locations and colony dynamics studied. The bees also nested in tree cavities facing east and west, and also in most types of hive, with the exception of burnt brick ground level 'Chikka' hives. There were few natural enemies of bees in the area. The density of honeybee colonies per hectare, occupancy of various types of hive and quantity of honey and beeswax harvested from various types of hive all favoured beekeeping in this area. Development of apiculture in the area and its role in conservation of the Udzungwa ecosystem are discussed.
Introduction
The honeybee Apis mellifera in Africa has three subspecies with slightly different morphometrics (Fletcher 1978; Crewe et al. 1994) . High-altitude areas at about 2500 m and above are inhabited by the sub-species, Apis mellifera monticola, mountain honeybee. Low altitudes, such as coastal areas of East Africa, are populated by a smallsized honeybee subspecies Apis mellifera litorea (Smith 1961 (Smith , 1966 . Mid-altitude areas are populated by Apis mellifera scutellata, which is morphometrically similar to Apis mellifera litorea (Radloff and Hepburn 2000) . In mountainous parts, these three altitudinal zones, and hence the three subspecies, occur close together. One such mountainous area is Udzungwa, where the occurrence of many endemic species and high levels of biodiversity require conservation efforts and have led to the establishment of a national park in 1992 (Mpuya 2002) .
Udzungwa Mountains National Park (UMNP) rises between 250 m asl at the foot of the park to 2576 m at Lohomero, the highest peak (http://www.udzungwa.org) ( Figure 1 ). The honeybee subspecies in this area have not been investigated. Honeybees nest in relatively dark cavities of various kinds, such as tree trunks or man-made hives that are sufficiently large for the bees to raise a brood. A cavity can only host one bee colony at a time. The entrance to the cavity may influence its selection by swarming bees. Other important factors such as accessibility, topography, weather, water resources and availability of food from flowers influence selection, productivity and occupancy by honeybees (Seeley 1985) . These factors are important when considering sites for hosting hives. The present study was undertaken with the objective of assessing the feasibility of the area for beekeeping.
Several types of hive are used in beekeeping in Tanzania (Mpuya 1998) . These include commercial hives, top bar hives based on a modification of the universal Langstroth hive, traditional log and bark hives, clay-pot hives, drum hives and burnt brick 'Chikka' hives that are permanently at ground level. It is not known which type of hive is ideal for honeybees of the Udzungwa area. Neither is it known whether honeybees in the area would select specific types of hive or cavities in certain tree species. Some trees may attract honeybees based on characteristics of their flowers and flowering seasonality.
Seasonality in flowering periods is specific to individual plant species. Some plants produce flowers throughout the year while others flower only at specific times. The occurrence of plants with different flowering regimes in an area may influence occurrence of local bee colonies. For example, UMNP and its adjacent areas are rich in flowering plants and may contain many natural colonies of honeybee (Cunningham 1993) . There is virtually no information on the occurrence of natural enemies of honeybees in the area. In Africa, such enemies include ants, wax moths, lizards, toads, snakes, wasps, spiders, bee-eating birds, hive-beetles and bee-lice (Adjare 1990) . These enemies and others that are not yet known may be present in the Udzungwa area and could limit beekeeping ventures.
Materials and methods
The study was carried out in and around UMNP, in the core (7 3¢5 †S, 36 55¢17.1 †E), buffer (7 51¢57.9 †S, 36 55¢ 17.1 †E) and transition (7 45.24¢7 †S, 36 52¢53.7 †E). The delineation of zones was similar to that used in biosphere reserves and was used because it was deemed appropriate for this study (Figure 1 ). The mountains are part of the Eastern Arc Mountains of East Africa are high in flora and fauna endemism (Cunningham 1993) . The vegetation is mostly forest, from low (250 m) to high (2576 m) altitudes. The study sites were in an area of about 600 ha, divided into three zones according to land use and resource management practices: the core (inside the park), buffer (with limited community activities) and transition (farmlands) zones.
Natural nest density of honeybee colonies in the study area was based on a tree-to-tree searches within plots each of 1 ha. In total, the area covered was 360 ha comprising six study sites. Each site was 100 ha, with plots divided into a grid of permanent subplots each of 1 ha. An area of 60 ha per site was selected at random and all trees .20 cm dbh were numbered individually, identified and dbh measured.
The number of natural nests, height of each nest from the ground, entrance direction and number of combs in each nest were recorded at harvest. The volume of a nest was determined by measuring its length, width and height.
Searches for bee nests were undertaken during the dry and rainy seasons. Specimens of bees were collected at random from the subplots of the three zones. Capture of bees foraging on flowers was done using a sweep net in the marked plots. Bees were captured and released and their flight back to the nest plotted using the method of Visscher and Seeley (1982) and then re-collected at nest entrances. Worker honeybee specimens were collected from both natural nests and experimental hives in the study sites. Morphometric measurements were made on 20 alcoholpreserved workers per colony. Bees caught were identified (Crewe et al. 1994) . The parameters used for identification of bees included pigmentation of the scutellum, length of the proboscis, wing length, worker cell width and comb space.
Determination of natural nest sites was undertaken as explained above. Host trees with nests in cavities were identified, dbh measured and other observations such as the bee species, height above ground, and orientation of entrances were recorded. The volume of the nest was estimated during inspection and harvesting by taking measurements of its length and width followed by tracing on paper and computation as described in Seeley and Morse (1976) and Gould (1982) . Natural enemies of honey bees that were encountered in nests and hives were recorded, and the identity of beetles was confirmed by experts in the Biosystematic Division, Plant Protection Institute, South Africa.
Hive occupancy, fluctuations in colony dynamics, and honey productivity were determined for six different types of hive: drum, earthen pot, brick (chikka), top bar, traditional log and commercial hives in the core, buffer and transition (zones. 30 Top Bars, Thirty commercial boxes, 30 pot hives, 30 log hives, 30 drums, and 30 Chikka hives were established, making a total of 180 experimental hives with 30 hives per site. With the exception of Chikka hives, all the other hives were hoisted into randomly selected plots within the study area at 3 m above ground. Monthly hive occupancy was determined using the following expression HO = O/ (O + E) · 100, where HO = hive occupancy, O = number of hives occupied and E = number of empty hives during monthly inspections (Munthali and Mughogho 1992) . There was no harvesting of honey in the minor season (January to February); honey harvesting was only done in the major harvesting season (August to October). The honey harvested and beeswax produced was weighed using a spring balance. The data obtained were analysed using non-parametric methods, Friedman statistics and Kruskal-Wallis tests (Siegel and Castellan 1988) . Means differences were separated using Dunn's range test (Zar 1974) .
Results and discussion
Honeybee subspecies of Udzungwa Mean density (colonies/hectaire) of natural bee nests in the core and buffer zones were respectively 0.13 AE 0.003 and 0.078 AE 0.005 during the wet season. In the dry season the densities were 0.11 AE 0.03 and 0.14 AE 0.02. The densities of honey bee colonies in the transitional zone did not change over the seasons, remaining at 0.08 AE 0.04. There were three subspecies of honeybee in the Udzungwa area. Honeybees caught in cool forest at 1500-2500 m were large and black with a narrow band of hairs (tomenta) on their abdominal tergites indicative of Apis mellifera monticola. Honeybees mainly found on the western side of Udzungwa had dark pigmentation on their abdomen with small yellow spots and a narrow yellow stripe on the third abdominal tergite and corresponding to Apis mellifera scuttelata. Apis mellifera litorea dominated at lower altitudes in the Kilombero River basin and lowland montane forest. A. m. scutellata and A. m. monticola were larger in body size than A. m. litorea but there were no clear size differences, especially in areas of overlap. These findings are in accordance with other reports of honeybee species in the Ethiopian region Meixener et al. 2000; Smith 1961) . The occurrence of similar races of the honeybee in this area tends to reinforce the widely held view that there are environmental interactions modifying the honeybee genotype over a wide area in Africa (Radloff and Hepburn 2000) .
Tree species hosting honeybee colonies A total of 43,200 trees were searched for trunk cavities and 158 trees were found with potential cavities that could host honeybee colonies, of which 117 were occupied during the wet season and 91 in the dry season. The honeybees nesting in tree cavities seemed to use similar tree species and tree sizes in the different zones (Tables 1-3) . Each tree hosted only one colony of honeybee. The nests were found at a mean height of 8.7 m in the transitional zone, 9.7 m in the buffer zone and 11.4 m in the core zone and these were statistically different (KW = 13.486, P = 0.0012). The height from the ground to the honeybee nests could indicate the influence of cover and density of vegetation, as generally nests were lower in the lowlands, open woodland and in the cultivated areas. In term of tree sizes (dbh), the largest trees were found in the core zone (Table 1) , where protection and conservation efforts are maximized. The mean dbh of trees with natural nests were not significantly different (KW = 2.04, P = 0.3527)
The nest volumes reached up to 156,000 cm 3 , and the entrance size varied from 7.9 cm 2 to maximum at 16.5 cm 2 (Tables 1-3) . There was no significant correlation between the size of the host tree, volume of the cavity and number of combs (P ! 0.05, r = 0.004). The number of combs found in one nest varied from three to 53, with 9.99 AE 1.82 in the core zone, 12.15 AE 0.54 in the buffer zone and 16.47 AE 0.89 in the transition zone. The mean number of combs in natural nests in the study area was significantly different in the transition vs core zone and buffer vs core zone (KW = 39.422, P , 0.001) but not in the transition vs buffer zone (P . 0.05).
Nest entrance direction
The bees nesting in natural cavities preferred entrances facing either east (44.8%) or west (52.3%) (Table 4) . Perhaps this behaviour could be attributed to bees responding to cues for sunrise and sunset. Bee workers starting very early in the morning or finishing their rounds very late in the evening would require the Sun for orientation. If the total number of hours available for foraging is considered, foragers that have to make rounds for provisioning their nests might have a slight advantage by having a longer working period, so that nests with entrances facing east or west would be better than those facing south or north, provided all other factors remain constant. In the northern hemisphere, however, honeybees prefer to nest in cavities facing south (Avitabile et al. 1978; Winston et al. 1983) . As the bees of Udzungwa prefer to nest in cavities facing sunrise or sunset directions, it would be advisable to take this into consideration when setting beehives.
Spatial characteristics of nesting cavities
The honeybees nested in cavities with large volumes. The mean cavity volumes occupied by colonies in the core, buffer and transitional areas were 84,037, 102,151 and 124,586 cm 3 respectively (Tables 1-3 ). The present Tanzanian box hives have volumes ranging from 45,402 cm 3 for the Langstroth bee box and commercial hive (CH) to 67,804 cm 3 for top bar hives (TBH). These hives were designed for Apis mellifera scutellata without considering other subspecies or even the surrounding vegetation. In the Udzungwa area, swarms appeared to use cavities ranging between 12,000 and 440,000 cm 3 although some were occasionally observed to nest under house roofs or below ground in abandoned termite mounds (Mpuya 2002) .
Trees with cavities occupied by bees had a dbh from 53 to 320 cm. The entrance sizes for the cavities varied (Mpuya 2002) , but this is less than the value observed in the field. Similarly, the recommended height from the ground for hoisting hives is 1.3 m (Mpuya 2002) , which is also lower than values for natural colonies in this area.
Density of honeybee colonies
The density of bee colonies per hectare was low in the lowlands during the wet season but increased during the dry season, and for the highlands the density of colonies was low during the wet season but increased during the dry season. It appears that swarming occurred in response to the availability of better nesting environments. This was also reflected in the use of the various hives with good occupancy throughout the year in the various sites (Tables 5 and 6 ). The ground level hive (Chikka), however, was not occupied by honeybees during the period of the study, presumably due to the inside conditions being been rather unattractive to swarms. The commercial timber hives and traditional log hives were all occupied and retained their colonies very well. The absconding rate from these hives at the different sites was quite low. However, occupancy in the different types of hive was significantly different at different sites (KW = 25.4, P 0.0001) and also among the zones (Fr = 14.78, P 0.001). The top bar hive had the highest occupancy (96%) followed by the commercial (93%), traditional log hive (90%), pot hive (68.3%), drum hive (66.8%) and Chikka hive (0%).
The log hives are destructive because their construction requires cutting down of trees and wastage of wood during hollowing. The modern top bar and commercial hives are more convenient to use and can produce acceptable highquality harvestable honey and beeswax. Productivity in terms of honey and beeswax from these hives was quite impressive ( Table 7 ), suggesting that beekeeping was viable as an economic activity in this area. Beekeeping based on modern apicultural techniques can improve honey productivity and bring about sustainability in terms of conservation of the ecosystem and specifically of melliferous plant communities in the area. Incomes of the communities from other sources were not determined. The local communities are small scale cereal crop farmers who sell only a small fraction of what is produced and do not keep records of any of their incomes.
Honeybee natural enemies
Cavities that were unoccupied appeared to have been used previously and harvested but were not cleaned properly and, as a result, were infested with the greater wax moth (Galleria mellonella) whose larvae feed on the combs. Out of the 158 cavities, the unoccupied cavities were by subtraction of the occupied cavities were 41 (i.e. 158-117) in the wet season and 67 (i.e. 158-91) in the dry season. Also, there were honeybee enemies in the area that could reach hives set at low heights. Animals such as the ratel (Mellivora capensis) were encountered during daytime. These animals are notorious for robbing honey from bee colonies. They fend off bees by releasing extremely pungent smelling secretions from their anal glands that act as a fumigant, which intoxicates or even kills the bees. Anther natural enemy observed in the area was the banded bee pirate (Palarus latifrons Kohl). This wasp preys on foraging honeybees by stinging and paralysing them and carrying the bees to their own nests. The paralysed bees are used as food for the wasp larvae. The wasps appeared in large numbers between 9.00 and 13.00 in July and September. This period coincides with the peak foraging period for honeybees in Udzungwa. Another natural enemy found in the area was the large hive beetle (Oplostomus haroldi Wit). The adult beetle and its larvae feed on honey and also defecate on comb cells making the honey go rancid. There were no viral or bacterial diseases affecting bees in the Udzungwa area at the time of the study.
Discussion

Prospects for apiculture in Udzungwa
There was a sufficiently high density of honeybee colonies in all sites examined. Density in every site varied with season, being highest during the wet season (KW = 206.81, P , 0.0001 and lowest during the dry season (KW = 167.92, P , 0.0001). Mean density (colonies/hectare) of natural honeybee nests in the core and buffer zones were respectively 0.13 AE 0.003 and 0.078 AE 0.005 during the wet season. In the dry season, the densities were 0.11 AE 0.03 and 0.14 AE 0.02, respectively. The densities of honeybee colonies in the transitional zone did not change over the seasons, remaining at 0.08 AE 0.04.
It is known that the indigenous people, the Wasungwa, practice traditional apiculture, with tree cavities containing bee colonies being owned by individuals and regarded as family property. However, it is doubtful whether the procedures used during honey harvesting were sustainable for long-term honey production or ideal for conservation of the honeybee resources.
Honeybee colonies in the core area enjoy full protection by the park management, while those in the buffer and transition zones are exposed to beekeeping. The local people use these colonies for honey but they also keep hivers in their community and in this case they manage them. At present, there is much encouragement from the government, especially through the parent ministry, the Ministry of Natural Resources and Tourism, for people living around protected areas, especially on forested land, to undertake beekeeping as an economic enterprise to supplement their incomes. The communities surrounding the Udzungwa Mountain Game Park should seek permission from the Park Authority to undertake beekeeping within the core zone of the park. The Park management can issue permission in the form of licences that can be renewed from time to time provided that there are satisfactory and positive achievements in the conservation of park resources following resource assessment by the Park Authority in collaboration with international organizations such as WWF. Beekeeping based on modern apicultural techniques can improve honey and beeswax production and bring about sustainability in terms of conservation of the ecosystem and, specifically, of the melliferous plant communities in the area (Bradbear 1999) . Introducing improved methods for beekeeping in the various zones will contribute significantly to the conservation of the entire ecosystem of the Udzungwa Mountains. 
